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THEREFOP DISPOSABLE FRON T LOADABLE SYRINGE 

The present invention relates to 
; injectors and .ore particularly to disposable 
replacement syrinoes for 5ninai fluid injectQrs 
Background n f ^ e Ijiyention; 

Injectors are devices that expel fluid, 
such as contrasting media, from a syrinae and 
trough a tube into an animal. The injectors are 
provided with an injector unit, usually adjustably 
fixed to a stand or support, having a drive that 

couples to the plunder of c Vr ^ no - 

- L - ne syringe to arive i't 

forward « .xp.l fluid into th . cube , „ ^ ^ 

driVen rMtv '« " -aw «»id l.,ro r he syringe 

'° l " usuai ly the syringe is ' a dispcsabie 

replacement rype . 

In the injection phase where the plunger 

is driven forward - e «„ rac 

^essures are developed in the 

syringe that ranoe r™ . 

^ e --~n, .or example, twenty-five 

psi for some =DDi''cati-ne 

. Plications to over 1000 to 1200 psi 

ror other sddI ; c-* t <-n<= 

• -'? es unat .viii contain 

fluid under such "rpeenr a , 

^ essures are expensive and 



therefore impractical where the syringes are to be 
disposable. Accordingly, many such injectors, such 
as angiographic injectors, for example, have been 
provided with pressure jackets fixed to the 
injector units and into which the syringes are 
inserted. The pressure jackets contact the outer 
surfaces of the syringe to restrain the walls of 
the syringe against the internal pressures. 

To hold the syringes in the pressure 
jackets, the jackets of the prior art have been 
configured to surround the front ends of the 
syringes to restrain the syringe front wall against 
forward acting forces of the drive and the fluid 
pressure and to hold the syringe in the jacket. 
Because the front end of the pressure jacket is 
closed, rear loading was necessary, and 
accessibility thereto was provided by hinging or 
rotating the jacket to allow for removal and 
replacement of the syringe from the rear. The 
opening and reclosmg of the injector unit to 
replace the syringe requires a certain amount of 
time f which, in the course of the procedure being 
performed, is not wholly desirable. 

Furthermore, while for -any years 
injector units of various types have been capable 
of disconnection of the plunger cirive from the 
drive coupling on the syringe plunger at any 



P sition of the plunger within the syringe, 
retracrion of the drive is typically required 
before the syringe can be removed. This is because 
the opening of the injecror unit to remove and 
insert the syringe from the rear requires, f or 
example, a translating or rotating of the jacket 
from the axis of the drive, which cannot be 
achieved if the plunger drive is extended. 

For example, at the end of an injection 
procedure, -he syringe plunger typically is 
forward, as is the plunger drive. since, in the 
prior art injectors that load from the rear, the 
pressure jacket is moved through the position that 
the drive occupies when extended in order to remove 
the syringe. Hence, the syringe cannot' be 
immediately removed without retracting the plunger 
drive. Further, the disposable tubing that 
connects to the nozzle of the syringe must be 
disconnected from the syringe in order to remove 
the syringe from the jacket. Additionally, when an 

empty new svringe ^s inserraH • 

' ^ insertea. the arive must be in 

its retracted position. 

More often than not, the syringe is 
inserted empty and filled by retraction of the 
Plunger with an injection tube connected to a 
supply of the fluid that is to be injected.. In 
addition, before an empty new syringe can be 
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filled, it is necessary that the plunger be fully 
forward in the syringe so thar the syringe can be 
filled by rearward retraction of the plunger. As a 
consequence of the need with such prior art 
injectors to retract the drive upon loading the 
syringe, it is then necessary to fully advance the 
drive to the position in which it,in engagement 
with the piunger and the plunger is in its full 
forward position. The drive then engages a 
coupling on the piunger of the replacement syringe. 

This need to retract and advance the drive 
contributes to a loss of time in the syringe 
replacement process. 

Accordingly, there has been a need to 
-re quickly load and unload disposable replacement 
sy^nges ia angiographic injectors, and for 
injectors and replacement syringes that can 
accommodate a more efficient process of . syringe 
replacement. 

Summary of the Tnvgnt^onj, 

It is an objective of the present 
invention to provide a method and apparatus ov 
which replaceable syringes can be .ore efficiently 
loaded into and unloaded from injectors. 

It is a r.ore particular objective of the 
Present invention to provide an injector, .ore 
particularly an angiograpnic injector, a 



replacement syringe therefor, and a method of 
replacing the syringe in the injector that provide 
for more efficient replacement of the syringes in 
the injector. it is an additional objective of the 
present invention to provide an injector wherein a 
used syringe can be removed and a new one inserted 
in the injector without retraction of the drive 
from the pressure jacket, i„ mos t applications. rt 
is a further objective of the invention to allow 
for the removal of the used syringe from the jacket 

without disccnnecr ^ * , . 

connection or the injector tube from the 

syringe nozzle. 

It is still a further objective of the 
present invention to provide an injector, 
replaceable syringe and method of syringe 
replacement with which the replacement of the 
syringe can be achieved with simple motions by the 
operator or with rapid operation of injector unit 
mechanisms . 

An additional objective of the present 

invention is ro nmTr,^« 

to provide an injector and replaceable 

syringe therefor that will facilitate control of 
the orientation of the. syringe in the jacket, and 
thereby provide for positive, rapid and reliable 
engagement of the syringe with locking structure 

that holds c- . , ^_ ■ _ 

-' e s ^-r>ge m the jacket, engagement of 

the piunaer ^ *- s "a 

ger _i. e ana piunger drive coupling, or 



connection of the injection tube to the outlet of 
the syringe. 

A further objective of the present 
invention is to provide for easy to operate 
mechanism and reliable locking structure for 
locking the syringe in place in the pressure jacket 
of the injection unit. 

Another objective of the present 
invention is to provide an injector and syringe 
arrangement that minimizes or eliminates the 
probability of spillage from the syringe nozzle 
flowing into the injector equipment, and otherwise 
enhancing the ability to maintain sterility and 
cleanliness 10 of the equipment. 

According to the principles of the 
present invention, there is provided an 
angiographic injector having a front end loadable 
syringe that can be loaded into and removed from 
the injector. pressure ;acket through an opening 
that is provided in the front end of the pressure 
jacket. to provide this front end loadable 
feature, the syringes of the preferred and 
illustrated embodiments of the present invention 
are provided with. a front wall that is pressure 
restraining, that is, is of sufficient strength to 

SUDDOrt tie f-iriT --r 

--ont or .he syringe against the 

exDected Dressuroc --ii-v.-;.. 

I ressures within tne syringe, and that is 
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securable to the front end of the pressure jacket 
so as to complete the pressure restraining 
• enclosure of the syringe within the pressure jacket 
and hold the syringe in the jacket. in one 
preferred form, this front end of the injector is 
formed of a separate pressure restraining cap made 
of material that is separate from the front wall of 
the syringe and nay be reusable. in another 
preferred form, the cap nay be formed integrally of 
the front syringe wall. With the cooperating 
structure of the jacket and the syringe, 
restraining of the pressure jacket along the front 
and sides of the syringe is provided where the ■ 
jacket allows for the replacement of the syringe 
15 from the front. 

In one preferred and illustrated 

embodiment of the invention, the - front end of the 

syringe -ocks to the front end of the pressure 

jacket through a cooperating engagement of mating 

threads on the syringe jacket. The threads include 

external thread sections formed at the front end of 

the pressure jacket and internal threads formed on 

an outwardly extending flange or rim of the front 

wall of the syringe, preferable on a pressure 

restramma C3D. Alte^at'"?! v -i-h = *- 

u ^ •at-.eiy, ether securing or 

lockina structure surn -= = < « 

- sucn =s a clip or an adaptor, for 
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example, may be employed to join the syringe to the 
jacket. 

In the preferred embodiment of the 
present invention, the threads are engageable in a 
limited number of angular positions to thereby 
predetermine rhe angular orientation of the syringe 
in the pressure jacket. Additionally, other keys 
and keyways carried respectively by the unit and by 
the syringe limit the angular position in whioh the 
syringe may be inserted into the jacket to a unique 
predetermined angular orientation. Preferably, 
three keyways, such as slots or notches, unequally 
spaced around the back, rearward or proximate edge 
of the syringe body, engage similarly spaced keys 
or tabs on the unit at the rear end of the pressure 
jacket to permit insertion of the syringe into the 
jacket in one and only one orientation. 

Further- in accordance with principles of 

the present ; nvent -i ~n 

enc " n ' in x ~s prererrsd embodiment, 

a coupling on the syringe plunger is centrally 
located and symmetrical about the axis of the 
plunger. A pair of jaws on the plunger drive is 
moveable either by transverse straight or arcuate 
translatory motion or by forward longitudinal 

mot i en *r- — . _ 

-~ -w^.., ~ connection between the coupling 

and the drive. once coupled to the drive, the 

coupling remains engaged to the drive during 



l°ng ituciinal mor ion of rne " . 
^r Wlovs . forv d — » cause th6 

W..n,.,^« ooc urs ar l° r baCkM " Wlth ^ 
t»— ». t ransiationa t i herM£tSr upon 

Uonal motion of the «i 
respecr ta the dr±ve ^ ^ Plunger with 

trans laCory transverse -*°<U ae n ts , ^ 

—en. of the ~ ^ 

— - ies , he , acke ; ^ lnje — -it door 

•«bod ia . nrs ,„ ' hous ^- m other 

' aSyinme ^^l C =UOi^ 0 is 

r — -1 , OVemenr ' ' - ™' ^ive upon 
the drive. Syringe ^especr to 

Preferably tha 

■ * ' c he motion , 
^inge to, an d uni l0 -^ g the 

^ a -^ t is ach . g the s ^ge from, the 

achieved fa v r ^ tar , fte 
. . - Station of 

Werner „ a ' " PlU " 9er "^"W -a 

ooupu.no i 3 bv -- 
r °««on. rn addition " ^ — nslarion or " 

— - ~ ^-n S1 on a / a ;;i:::::,; d — 

-« — ari " e andtha ~ — 

g ' re ? ar °less of 

^ driv *' as the svr.nae , h P ° Slti °" °* 

- -ge _ 3 being icaded> 

y / whe svri^oe • - - 

c yiindri-=i u . " 9 iJB "armed of a 

■ ' l th r h o t-- 

a * n the shape 
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truncated cone that terminates in a forwardly 
extending neck with an orifice at its remote end 
that is correctable with an injection tube. The 
front end of the syringe is shaped so as to direct 
fluid leaking from the nozzle outwardly around the 
front end of the jacket. This prevents leakage, 
which often results upon disconnection of the 
injection tubing, from entering the space between 
the pressure jacket and the syringe body. 

Replacement of the syringe begins, in the 
preferred embodiments of the invention, with the 
unlocking the syringe at its front end from the 
front end of the pressure jacket, preferably by 
rotating the syringe with respect to the jacket, 
and by disengaging the plunger drive from the 
syringe plunger, alternatively by transverse 
translations! or rotational motion, preferably , 
simultaneous with and linked to the motion that 

disengaaes the ^vr^cro ^-^^ 

~- vr "-* iC ? e r ~cm the nacker. The 

unlockina of the svr^nap --^m ■ 

^yjr^nge _om the jacxet occurs, 

for example, oy loosening mating threads at the 
front of the syringe and jacket. The twisting of 
the syringe in the jacket is linked to motion that 
either translates transversely or rotates a 

couplina on the svr^ap 

~y r_.ge piunger out or engagement 

with the piuncer drive. 



10 



15 



20 



- 11 - 

Then the syringe is removed from the 
jacket through the open front end of the jacket. 
This removal may take place without retraction of 
the plunger drive, should the drive be advanced in 
the pressure jacket at the time of disengagement 
from the plunger coupling. The used syringe may 
also be removed without disconnection of the 
disposable injection tubing from the nozzle of the 
syringe . 

When the used syringe is removed, a 
replacement syringe is inserted into the jacket 
through i.s open forward end and the front end of 
the new syringe is locked to the front end of the 
jacket, preferably by relative rotation of the 
syringe in the jacket to cause, for example, 
engagement between mating threads on the front end 
of the syringe and the front end of the jacket. 

The oiunae r -r- — ,~ : _ 

. - -i _n one embodiment, is translated 

to bring the plunger coupling engaging jaws into 

alignment with '■he ni iin^a- - , • 

-ne plunger coupling, preferably 

simultaneously with the locking of the syringe' to 

the jacket. The j aws thereby either engaoe the 

coupling upon the translatory notion, or thereafter 

engage the coupling by longitudinal advancement of 

the drive against the coupling. m one embodiment, 

the jaws are positioned off center of the drive' so 

that the drive, whether in the engaging or the 
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disengaging positions, does nor conract a syringe 
as the syringe is guided by the jacket during 
loading. 

In an alternative embodiment , engagement 
of the plunger drive with the coupling occurs by 
relative rotation of the drive and the coupling, 
preferably by rotating the coupling relative to a 
stationary plunger drive, rather than by 
transiational motion between the drive and the 
coupling. only iS the rest position of the plunger 
of the replacement syringe is behind the final 
position of the plunger drive at the time it was 
disconnected from the coupling of the plunger of 
the syringe being replaced need the plunger drive 
be retracted. 

The engagement and disengagement motions 
between the plunger drive and plunger drive 
coupling, and between -e syringe and the pressure 
jacket, are provided with manually operable 
mechanism that, in the preferred and illustrated 
embodiments, rotates the syringe in the jacket and 
further either rotates or translates the coupling 
with respect to the plunger drive, with a simple 
one hand operated mechanism. The mechanism 
provides a convenient lever, operable througn a 
short arc, to rotate the syringe in the jacket and 
to then, preferably, translate the pressure jacket 
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that carries the syringe and is carried by the 
injector unit door, or to otherwise move the 
syringe with respect to the drive, to bring the 
plunger coupling of the syringe into or out of 
5 alignment with the plunger drive. 

The present invention provides a 
disposable syringe that may be replaced in an 
angiographic cr CT injector with great efficiency 
and speed. Further, replacement may occur without 

10 retraction of the plunger drive of the injector 

unit. Simple and rapid one hand operation of the 
engaging and disengaging structure is provided. 

These and other objectives of the present 
invention will be more readily apparent from the 

15 following detailed description of the drawings in 

which : 

Brief Description of the Drawings 

Fig. -1 is a perspective view of an 
angiographic CT injector embodying principles cf 
20 the present invention. 

Fig. 1A is a perspective view of an 
another .form cf angiographic injector embodying 
principles of the present invention. 

Fig. 2 is an exploded perspective view 
25 of a portion of one preferred embodiment cf the 
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Fig. 3 is a perspective view of the 
portion of the injector of Fig. 2. 

Fig. 4 is a cross-sectional view along 
lines 4-4 of Fig. 3 illustrating a replaceable 
syringe unlocked from the housing for insertion 
into or removal therefrom. 

Fig. 5 is a cross-sectional view similar 
to Fig. 4 but illustrating the syringe locked to 
the structure carried by the housing. 

Fig. 6 is a cross-sectionai view along 
the line 6-5 of Fig. 5. 

Fig. 7 is an elevational diagrammatic 
illustration of the injector of Fig. 1 with the 
pressure jacket and syringe removed, and showing 
the syringe locking structure in the locked 
position such as in Figs. 5 and 6 . 

Fig. 3 is an elevational diagrammatic 
view similar to Fig. 7 illustrating -.he syringe 
locking structure in the unlocked position such as 
in Figs 2-4 . 

Fig. ? is an elevational diagrammatic 
view similar to Fig. 7 illustrating the locking 
mechanism in the housing door release position. 

Fig. 10 is a cross-sectionai view 
through the housing of the injector taken along 
lines 10-10 of Fig. 1 with the clunger drive 
disengaged from the syringe plunger coupling. 
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Fig. 11 is a view of a porrion of Fig. 
10 illustrating the plunger drive longitudinally 
moving into engagement with the plunger coupling. 

Fig. 12 is a view of a porrion of Fig. 
10 illustrating the plunger drive in engagement 
with the plunger coupling. 

Fig. 13 is a front view of a portion of 
another embodiment of the injector of Fig. i. 

Fig. 14 is a view of an alternative 
embodiment of 3 portion of a syringe according to 
principles of the present invention. 

Fig. 15 is a cross-sectional view 
similar to Fig. 5 of an alternative embodiment of 
the invention, illustrating alternative engaging 
structure between the front ends of the syringe and 
jacket. 

Fig. 16 is a cross-sectional view 
similar to Fig. 5 of a further alternative 
embodiment of the invention, also illustrating 
alternative engaging structure between the front 
ends of the syringe and jacket. 

Fig. 17 is a front end view of still a 
further alternative embodiment of the invention, 
also illustrating alternative engaging structure 
between the front ends of the syringe and jacket. 
Detailed Descrinf-i o n of t h » Drawings 



Referring. to Fig. 1 , an angiographic 
injector 10 according to another preferred 
embodiment of the present invention is illustrated, 
configured for CT applications. The injector 10 
includes a ceiling mounted support 11, adjacent a 
CT X-ray unit, to the lower surface of which is 
rigidly supported a vertically descending support 
column 12 . 

Remote from the support 11 is an injector 
control nodule console 12 behind a wall which 
isolates the operator area from the X-ray 
equipment. The console 13 is located adjacent a 
control 14 of the X-ray equipment. Electrical 
power and control cables (not shown) communicate 
power and control signals through the support li 
and the column 12 and to a power lead 15. The 
console 12 connects with an injector control 
module 15, which includes a programmable 
microprocessor (not shown) to which ccmmands and 
programme codes are input through a keyboard 17 
on the console 13. The console 12 isalso provided 
with an operator display 13 to aid in interfacing 
the input commands and injector status with the 
operator. 

Attached the column 12 is an 

articulating adiusrable a— 1= t-h~ 

ie cl — • -o the remote end 

of the arm 1 Q i <= ^ , , ^ ^ _ . - 

is aoiustabiy supported injection 



module unit 20. The arm 19 is capable of setting 
the unit 2 0 at varying positions adjacent a patient 
bed of the CT unit. 

Referring to Fig. ia, an angiographic 
injector 10a according to another preferred 
embodiment of the present invention is illustrated. 
The injector 10a includes a wheeled base lia to the 
top of which is rigidly supported a vertically 
adjustable upstanding support column 12a. To the 
top of the column 12a is supported a control module 
platform 12 a. Electrical power is communicated 
from a power cord (not shown) through the base n 
and the upstanding support 12a and through a power 
lead 15a to a control module 16a rigidly supported 
to the platform 13a. The control module 16a 
includes a programmable microprocessor (not shown)' 
to which commands and programming codes are input 
througn a keyboard 17a on the module 15a. The 
module 15a is also provided with an operator 
display 13a to aid in interfacing the input 
commands and injector status with the operator. 
Attached to the platform 13a is an articulating 
adjustable arm 19a. To the remote end of the aj 
19a is adjustably supported the injection module 



irm 



unit 2 0 



The injection r.odule unit 20 of the 
embodiments of Figs. i and 1A includes a 
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housing 21 which contains the operating drive 
structure of the injector 10 or 10a. The 
housing 21 has a support bracket 23 fixed thereto 
and adjustably pivotally supported to the rentore 
end 24 of the articulating arm 19 or 19a. The 
housing 21 has pivotally attached to the front 
thereof a door 2 5 at the front thereof which is 
Pivotally connected to the housing 21 at a 
longitudinally extending P ivot or hinge pin 26 
(Fig. 2) rigidly supported en the housing 21 and 
extending forwardiy fro* the front of the housing 



21. 



On the top of the housing 21 is an 
injector position and local control panel 27 having 
a position indicator scale 2 8 thereon, which 
displays the position of the injector drive to the 
operator. The panel 27 also includes a pair of 

forward and revels© dr-^,- ; 

' SS ariva cirection control buttons 

29, which are selor"?--;*r«i,, 

sei.c.wely actuatable to activate a 

drive within the housina - -i 

nausing m either the forward 

or reverse directions. 

Extending forwardiy from the front. of the 
door 25 is an injector syringe and pressure jacket 
assembly 30, the structure of which can be better 
understood with reference to Pigs. 2 - 5 below. The 
syringe and jacket assembly 30 includes a hard 
Plastic pressure - acket 31, which .ay be of opaque 



or transparent material, a removable and 
replaceable disposable syringe 32, which may be of 
opaque, transparent or semi-transparent material, 
and related structure hereinafter described. 

The syringe 3 2 is disposable, and 
includes wails which will withstand only moderate 
or low pressure. The walls are usually outwardly 
deformable under operating pressures, particularly 
pressures of 300 psi or more. Such higher 
pressures are necessary to overcome pressure drops 
througn the injection tubing at higher flow rates, 
which are often desiraole. The jacket 31 is made' 
of a stronger transparent material that will 
withstand the operating pressures. When the 
syringe 32 is contained in the jacket 31, it is 
surrounded by the jacket 3 1 and supported by the 
jacket 21 against expansion caused by the fluid 
pressure withm as the syringe 32 expands against' 
the j acket wall . 

The pressure jacket 3 1 has a generally 
cylindrical inner bore 3 3 extending therethrough 
from a proximate end 34 adjacent the door 25 to a 
remote end 35 of the pressure jacket 3 1 toward the 
front cf the unit 20. The bore 2 3 is dimensioned 
so as to receive through the remote end 3 3 the 
disposable syringe 22 and to support the syringe 
against expansion from fluid pressure within such 



fluid pressure may range to more than a thousand 
psi. The pressure jacket 31 has an annular 
flange 3 7 extending outwardly around the proximate 
end 34. The flange 3 7 is integrally formed with 
the jacket cylinder and is shaped to conform to an 
annular recess 3 3 surrounding a circular hole 39 in 
the door 2 5 to which the jacket 31 may be assembled 
by insertion from the rear. The hole or opening 39 
in the door 25 and the cylindrical bore 33 of the 
jacket 3 1 are concentric with a longitudinal 
axis 40 on which also lies an axis 41 of the 
syringe 3 2 when the syringe 3 2 is positioned in the 
bore 2 3 of the j acket 31. The jacket 31 is firmly 
and rigidly attached to the door 25 with a pair of 
screws 43, only one of which is shown, which are 
threaded into a pair of holes 44 in the back of the 
doer 25 (Fig. 3). An o-ring seal 46 surrounds the 
flange of the : acket 3 1 in the recess 3 3 of the 
door 25. 

The syringe 32 includes a syringe case 50 
formed of a single piece of molded plastic 
material, a pressure cap 51, a tubing collar 52 
(fig. 3) and a plunger 54 (Tigs. 3-5). The 
syringe case 50 includes a cylindrical syringe body 
55 having an open proximate end 55 and a remore end 
53 to which is integrally formed a conical front 
wall 57. The front wall 57 is truncated at its 
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forward end, to which is integrally formed an 
elongated neck 5 9 extending from the wall 57 at the 
center thereof." The neck 59 of the syringe case 50 
has an orifice 60 (Fig. 3 ) in its remote end which 
communicates with an internal syringe cavity 61 
formed within the neck 59, the conical front wall 
57 and the cylindrical body 55 of the case 50 of 
the syrxnge 22. The rear end of the cavity 61 is 
further defined by a forward facing conical 
surface 64 of the plunger 54. The conical surface 
64 is of a slope which conforms to the slope of the 
interior of the conical front wall 57. The 
plunger 54 is slidable within the body 55 of the 
syringe case 50 such that the cavity 61 is of 
15 variable volume. 

Near the front end of the neck 5 9 of the 
syringe case 50, just behind the orifice 60, is an 
external thread 66 configured to -ate with 
threads 67 on the interior of collar 52 (Fig. 3). 
The thread 5 5 m the neck 5 9 has an stop 6 9 at near 
forward end thereof to engage an abrupt step 70 on 
the thread 67 of the collar 52 so that, when the 
syringe 3 2 is properly oriented in the jacket 31, 
the collar 52, when loosened to its maximum extent, 
will assume 3 predetermined orientation so as to 
present, in an upwardly facing orientation, a tube 
end receiving slot 62 formed in the remote end of 
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the collar 52. This slot 62 is of T-shaped cross- 
section so as to receive the enlarged flange end 63 
of a tube 6 5 through which fluid from the syringe 
cavity 61 is in jeered into a patienr. 

The cap 51 is generally conical in shape 
and has an inner rearward surface 75, which 
conforms to the front surface of the conical wall 
57 of the case 50 of the syringe 32. In certain 
embodiments, the rearward conical surface 75 of the 
cap 51 may be conded to the front surface of the 
corneal wall 57 of the case 50 of the syringe 32, 
or it may be formed integrally therewith, molded 
from the same plastic material as the case 50 of 
the syringe 22. m the preferred and illustrated 
embodiment, the cap 51 is separate from the syringe 
body portion 5 5 and has a pair of holes or 
detents 75 into which fit a pair of projections 77 
extending fcrwardly from and formed integrally on 
the outer surface of the conical wall 57 of the 
case 50 of the syringe 32. The cooperation of the 
Pins or projections 77 with the holes or detents 76 
prevent the cap from rotating with respect to the 
syringe case 5 0 when the cap 51 is mounted on the 
syringe 32. 

To hold the cap 5 1 against the conical 
wall 57 of the case 50 of the syringe 32, six 
resilient tabs 73 are formed about a central inner 
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hole 79 of the cap 51. The tabs 7 8 are separated 
by six equally spaced radial slots 80 (Fig. 3). 
The hole 7 9 in the cap 51 is equal to or only 
slightly greater in size than the circular forward 
end of the conical wall 57 of the case 50 of the 
syringe 32. The neck 5 9 of the syringe 3 2 has an 
enlarged straight section 81 slightly greater in 
diameter than the hole 79 in the cap 51 and also 
greater in diameter than the forward end of the 
conical wall 57 of the case 50, therecy forming a 
groove 82 at the juncture of the straight neck 
portion 81 with the conical wall 57 so that the 
tips of the tabs 7 3f which are sufficiently 
resilient to slide over the enlarged neck 
portion 81 as the cap 51 is inserted on the case 50 
of the syringe 32 with the hole 79 surrounding the 
neck 59 to snap fit into the groove 32. 

The syringe 3 2 includes structure that is 
configured to lock the syringe 3 2 to the front end 
of the jacket 3 1 by cooperating with mating 
structure cn the jacket 31. The jacket 3 1 has. 
spaced around the circumference thereof near the 
remote or front end 3 5 of the jacket 31, four 
equally spaced outwardly projecting thread 
sections 35. These thread sections £5 are slightly 
less than 45' in extension around the circumference 
of the jacket 3 1 and are spaced apart with cans of 
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slightly greater than 45". The cap 51 has a 
cylindrical rim 87 in which are formed four 
similarly sized and spaced mating thread 
sections 36. The thread sections 86 project 
inwardly toward the jacket 21 when the syringe 3 2 
is positioned in the jacket 31. As such, when the 
syringe 32, with the cap 51 assembled to it is " 

inserted into the iack^i- i - <-k» -w 

jacKet the threaas 36 of the 

cap 51 pass through the spaces between the 
threads 35 en the j acket 21 to a point behma the 
threads 35. when so inserted, the syringe 
assembly 3 2 with the cap 51 may he twisted 
clockwise 45' to tighten and thereby secure the 
cap 51 to the jacket 31 by engagement between the 
treads 35 and 86 as shown in Fig. 5 , ■ to thereby 
lock the syringe in the bore 22. 

The piston 54 of the syringe 32 is molded 
of an eiasicneric maters •" -o>-~ - ■ - 

w '"Q Leila* . J rDrora h i i; — u ^ 

' che piston 

54 includes two portions voided of different 
materials and bonded together. These oortions 
include a forward more flexible portion 90 in which 
is formed the forward conical surface 34. This 
forward portion 9 0 has a pair Qf QUZVMly 

extending rings 91 formed in the periphery thereof 
to make sealing engagement with the inside of ^e 
wall of the cylindrical body 55 of the syringe 
case 50. rhe raarvarQ porrian c . ?is _^ n ^ . s 
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a flat circular surface to which is bonded the flat 
circular forward surface of a more rigid rear 
portion 9 3 of the piston 54. The rear rigid 
porrion 93 of the piston 54 is molded of a harder 
stronger plastic material and has a rearward facing 
circular surface 9 5 having a rearward extending 
coupling 9 6 integrally formed thereon at its 
center. The coupling 96 includes a rearwardly 
extending cylindrical shaft 97 on the axis 41 of 
the syringe 2 2 and a larger symmetrical cylindrical 
button 93 integrally formed at the rear end of the 
cylindrical shaft 97. 

Referring to Fig. i0 , a piston drive 
assembly 100 is illustrated contained within the 
housing 21. The drive assembly 100 includes an 
electric motor 101 mounted within the fixed housing 
21 and having a rotary output shaft 102 with a 
drive gear 103 fixed to the remote end thereof. 
The drive gear 103 is positioned for driving 
engagement with a driven gear 104 fixed near the " 
rear end of a drive screw or shaft 105 supported at 
its rear end in a bearing 106 fixed m the housing 
21. The screw or shaft 105 has a continuous, 
external helical thread 107 thereon which mates 
with interior threads of a carriage 103. The 
carriage ids is slidably supported in a bushing 109 
fixed in the housing 21. The shaft 105 rotates 
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within the housing 21 about a longitudinal 
axis 112. 

At the forward end of the carriage 108 is 
supported a pair of hooked jaws 114 which are 
pivotally mounted at their rearward ends by a pair 
of pivot pins lis to the carriage 108. The 
jaws 114 are biased toward the axis 112 by a pair 
of balls 116a and 116b of resilient 
material positioned between the outside of the 
jaws 114 and an inner ' cylindrical wall 117 of a 
recess 113 formed in the forward end of the 
carriage 108. The balls 116a, 116b are partially 
captured in depressions in the outer surfaces of 
the jaws 114. The balls 116a, 116b bias the jaws 
toward their innermost position toward the 
axis 112. The innermost position of the jaws is 
determined by a spacing block 119 on the axis 112 
of the carriage 108 at the canter of the 
cavity lis. 

When a syringe 2 2 is locked in the 
jacket 2 1 with its axis 4 1 and the axis 4 0 cf the 
jacket 2 1 inay be in alignment with the axis 112 of 
the shaft 105, -.he plunger 54 may be located in the 
cylindrical body 55 of the syringe case 50 in a 
position' forward of the remote end 55. Preferably, 
however, the jaws li 4 are displaced to the side of 
axis 112 cf the shaft 105 so that as the jaws 114 
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and coupling tip 98 are in their disengagement 
position, maximum clearance is provided so that the 
syringe 3 2 may be inserted into the jacket 31 
without the sterile internal walls of the syringe 
31 touching the components of the drive, as 
illustrated in the figures. 

In the engaging position, the jaws 114 
are nonetheless in alignment with the coupling 98 
on the axes 4 0 and 4 1 of the jacket 3 2 and syringe 
32.- in such a situation, the j aws 114 may be in a 
retracted position at the center of the opening 39 
of the door 2 5 adjacent to the proximate end 2 4 of 
the jacket 31, and out of engagement with the 
coupling 96 on the plunger 54. From this position, 
operation of the motor 101 rotates the shaft 105 
and drives the carriage 108 forward!-/ to move the 
jaws 114 toward and into engagement with the 
coupling 9.5 on the plunger 5 4. This engagement 
takes place as shown in Fig. 11 wnere a pair of 
tapered cam surfaces 120 at the forward interface 
of the tips of the j aws 114 engage the enlarged 
portion or button 98 of the coupling 96 to expand 
the jaws, as shown in Fig. n, - D sna p around the 
button 93 of the coupling 96 to form a driving 
engagement between the drive assembly 100 and the 
coupling 96 cf the plunger 54 as shewn in Fig. 12. 
Once so engaged, any forward cr reverse movement of 



the carriage 108 under the power of the motor 101 
will cause the plunger 5 4 to be driven either 
forwardly or backwardly in the syringe body 55. 

Disengagement of the jaws 114 from the 
coupling 96 can thereafter be achieved by 
translational movement between the coupling 96 and 
the jaws 114 between a disengaged position as shown 
m Fig. 4 and an engaged position as shown in Fig. 
5. When the plunger coupling 9 6 and the jaws 114 
are disengaged, -he syringe 2 2 can be replaced 
without the need to retract the carriage 108 of the 
drive 100. This allows for rapid replacement of 
the syringe 22. Preferably, the jaws 114 are 
either fully retracted toward the housing 21 where 
engagement by translation of the coupling 96 will 
occur, or the jaws 114 are sufficiently within the 
jacket prior to replacement of the syringe so that 
the coupling 95 of -he replacement syringe 22 will 
not contact the j aws 114 except as the drive 100 is 
advanced. 

If sterility is not a problem, the most 
time saving approach would be to insert the syringe 
32 into the lacker 21 with its plunger ail the way 
forward and the drive fully advanced so that, ,hen 
the syringe is translated toward the jaws 114, 
engagement will immediately occur and the Plunger 
can be immediately retracted to fill the syrinae. 
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When a syringe 2 2 is inserted into the 
. jacket 31 when the plunger 54 is at its rearmost 
position toward the proximate end 5 6 of the 
syringe body 55, the coupling 96 is in a position 
adjacent the proximate end 56 of the syringe body 
55 and projecting rearwardly therebeyond. when in 
such a position, engagement between the jaws 114 
and the coupling 9 6 is broughr _ bour by 

transiational movement between the position shown 
in Fig. 4 and that snown in Fig. 5. m the 
unlocked or disengaged position shown in Fig. 4, 
the axes 4 0 and 4 1 of the jacket 2 1 and the 
syringe 32, respectively, as well as the center of 
the opening 39 of the door 25, lie spaced from and 
parallel to the axis 112 of the shaft 105 as shown 
m Fig. 4. m the locked or engaged position, the 
axis 112 of the shaft 105 is slightly eccentric 
relative to the axes 40 and 41 of the jacket 21 and 
syringe 22, respectively, as shown in Fig. 5. 
This transiational movement, the engagement and ' 
disengagement between the coupling 9 6 and the 
jaws 114 and the 45' rotational movement which 
secures the cap 51 to the pressure jacket 2 1 by 
engagement of the threads 3 5 and 3 6 are brought 
about by operation of a translating and locking 

mechanism 125 •■•hie* ; - 

, -nic t4 ^ besi unaersrood by 

reference to Figs. Z-9. 



The translating and locking mechanism 125 
includes a cam and locking ring 127 which is 
rotatably retained in a circular recess 126 in the 
back of the door 25. The ring 127 has a generally 
semi-circular groove 12 0 in the back surface 
thereof for receiving a spring wire retaining 
clip 131 having a pair of looped ends 133 which 
extend through a pair of slots 134 in the rim of 
the ring 127 and into a selected one of three pair 
of diametrically opposed notches 125, 136 and 137 
in the inner vail of the rim of the recess 126 in 
the door 25. The three pair of notches 135, 136 
and 137 represent three positions of the 
translating and locking mechanism 125 which are the 
locked, unlocked and release positions, 
respectively. The locked position of the 
mechanism 125 in which the loops 133 of the ring 
131 are m the notches 125, is that illustrated in 
Figs. 5-7 and 10. The unlocked position, in which 
the loops 123 of the ring 121 are in the 
notches 12s, is that illustrated in Figs. 2-4 
and 8. The release position, in which the 
loops 125 of the cii P 133 are in notches 137, is 
that illustrated m Fig. o. The ring i2? - s moved 
among these three positions by a manually 
accessible handle 12s in the form of a cylindrical 
knob 139 rotatably attached to a lever arm 140 



formed integrally and extending radially from the 
ring 127 through a slot 141 in the door 25 (Fig. 
1) . The ring 127 is retained in the recess 126 by 
a pair of screws 14 3 which thread into countersunk 
holes 144 at the periphery of the recess 126 in the 
back of the door 25. These screws 143 have 
enlarged heads 14 6, which, when seated in the 
holes 144, overlie the edge of the ring 127, 
thereby securing it k for rotatable movement within 
the recess 126. 

As shown in Figs. 2 and 6 , the ring 127 
has an inner periphery 149 which is larger than the 
circumference of the oody 55 of the syringe case 
50. Accordingly, when the syringe 32 is inserted 
in the j acker 31, the proximate end 56 of the 
syringe case 50 extends through and is surrounded 
by the inner periphery 149 of the ring 127. 
Asymmetric keyway structure, preferably in the form 
of three slots or notches 151, 152 and 153 (Fig. 
6) are provided in the edge of the proximate end 56 
of the body 55 of the syringe case 50. The 
spacings between adjacent pairs of the notches 151- 
153 differ from each ether. Formed integrally of 
the ring 127 and projecting inwardly from the inner 
periphery 149 thereof are three tabs or 
k£yS 155 ' 156 and 157- These tabs 155-157 are 
spaced so as to fit into the respective 
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notches 151-153 in the proximate end 56 of the body 
55 of the syringe case 50 so as to rotate the 
syringe 3 2 as the mechanism 125 is rotated through 
actuation of the handle 138. 3ecause the 
5 notches 151-15 3 and the tabs 155-157 are unequally 

spaced, they can only engage each other when the 
syringe 3 2 is inserted into the jacket 31 in one 
and only one orientation. That orientation is one 
which will cause the slot 62 of the collar 52 (Fig. 

-° 3) to align 45 3 counterclockwise of the vertical 

when the mechanism 125 is in its unlocked position, 
which is a .position in which it will be when the 
syringe is first inserted into the jacket 31, and 
to be in an upwardly facing orientation, when fully 

15 loosened, when the mechanism 125 is moved to its 

locked position. Accordingly, the notches 125 
and 126 in the recess 126, which receive the loops 
13 3 of the spring clip 12 1 wnen respectively in the 
locked and unlocked positions, are 45 3 apart. 

20 The rotation of the mechanism 125 from 

the unlocked position to the locked position 
rotates the syringe 2 2 in the jacket 2 1 and rotates 
the cap such that its threads move from an unlocked 
position as shown in Fig. 4 to the locked position 

~ 3 ot Fl( ?- 5 > ~o secure the cap to the jacket 2 1 by 

the engagement and tightening of the threads 85 
and 36. 
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the loops 133 of clip 131 in the notches 135 (Fig. 
6) of the recess 126, the pin 150 lies in the 
slot 154 in the position shown in Fig. 8 , which is 
farther displaced from the axes 40 and 41 than in 
the position of Figs. s and 7, so that the 
coupling 96 is translated tQ a position outside Qf 
the center line of the jaws 114 , as shown in Fig. 
S and further illustrated in Fig. 4. 

In the release position, as shown in Fig. 
9, .the pm 150 is positioned at the open end 160 of 
the cam surface of the slot 1=4 so that the door 25 
can be rotated upwardly about the hinge pin 2.6, as 
shown in Fig. 9 , to open the space ^ 

door 25 for access thereto. This position may be 
used for cleaning the area behind the door 25 which 
is sometimes necessary because of possible leakage 
of fluid from the cavity 61 into the space behind 
the Plunger 54. This can possibly occur because 
the fluid within the cavity 61, ,hen being injected 
by forward advancement of the plunger 54, may be of 
relatively high pressure in the range, usually over 
200 psi. For applications such as the injection of 
contrasting fluid for CT scanning, pressure mav 
typically be in the range of from 25 to 300 psi., 
while in some angiographic mjecticn applications 
the pressure nay range to 1200 psi cr higher. 
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In addition, leakage rearwardly along the 
exterior .of the neck 59 of the syringe 32 can cause 
fluid to flow between the body portion 55 of the 
syringe 3 2 and the jacket 31. For this reason, the 
cap 51 is caused to fit snugly against the forward 
surface of the conical portion 57 of the syringe 3 2 
at least sufficiently to restrict the flow of this 
leaking fluid onto the neck 59. This is assisted 
by the configuration of the cap 51 at the rim 87 
thereof so as to divert away from the space between 
the syringe 3 2 and jacket 3 1 fluid which might leak 
from the nozzle. 

The front of the housing 21 has formed 
thereon a door stop 135 having a slot 136 formed 
therein for receiving a lug 137 of the door 25, to 
restrain the door 25 against forward force exerted 
by the drive loo. Behind the front of the housing 
21 adjacent the step 135 is a magnetic sensor 133, 
which is responsive to the presence of a magnet 139 
in the lever arm 129 of the handle 133. The. sensor 
188 generates a signal to the control module 15 to 
activate the drive 100 only when the mechanism 125 
is in its locked- position. 

Referring to Fig. 13, there is 
illustrated a locking mechanism 2 25 that is an 
alternative to the locking mechanism 125 described 
above. m the locking mechanism 225, a stationary 
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geared rack 2 50 is provided fixed to the housing 
21. A mating gear segment 2 54 is formed on the 
outer rim of the alternative locking ring 227 of 
this embodiment. The gear segment 254 and rack 250 
replace and function in the same way as the slot 
154 and pin 150 of the embodiment described above. 
As the mechanism 225 is rotated by the handle i 38 , 
the door 25 that carries the jacket 3 1 and the 
syringe 3 2 is translated to bring the coupling 96 
into or cut of engagement with the jaws 114 of the 
drive 100. Simultaneous with this translatory 
motion, the syringe 3 2 is rotated in the j acker 31 
to lock or unlock the syringe 3 2 to the jacket 21 
by engagement or disengagement of the threads 36 on 
the syringe 3 2 with the threads 3 5 on the jacket 
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fig- .14 illustrates an alternative to 
the embodiment c: the coupling 96 described above, 
in the embodiment of Fig. 14, there is provided a 
coupling 296 that is T-shaped, having a rectangular 
endpiece 298 at the rearward end of a cylindrical 
or square shaft 297 on the rearvardly facing 
circular surface 9 5 of the plunger = _ 4> ^ & 
coupling 296 engages the j aws 114 by rotation of 
ttie locking r.echanism 125 or 225, preferably 

uxe _ .0 . .vhen the orientation cf 

tMe encipiece 293 is c=r- • i ~i 

^ rw *- i£i - D -Me ciane of the 



jaws 114, the drive 100 is locked to the plunger 54 
so that axial movement of the drive 100 moves the 
plunger axially, in the forward direction to expel 
fluid form the syringe cavity 61, or in a rearward 
direcrion to fill the cavity 61 with fluid. when 
the endpiece 2 98 is perpendicular to the plane of 
the jaws 114, the coupling 296 will move into or 
out of engagement with the jaws 114 upon relative 
axial movement between the plunger 5 4 and the drive 
100. Thus, with this embodiment, rotational 
motion, rather than transiationai motion, causes 
engagement and disengagement of the coupling 296 by 
the jaws 114. With this embodiment, orientation of 
the syringe 32, when loaded into the jacket 31, is 
preferably maintained through the cooperation of 
the notches 151-153 and the tabs 154-156 (Fig. 4), 
so that the coupling 296 will enter the jaws 114 , 
when the syringe 22 is inserted into the jacket 21. 
with the endpiece 293 perpendicular to the pair of 
jaws 114. 

The locking structure between the syringe 
32 and the pressure jacket 2 1 should provide for 
retention of the syringe 22 in the jacket 21 
against the force of the fluid pressure in the 
cavity 61 or axial force otherwise exerted on the 
plunger 54 by the drive 100. This locking of the 
syringe 3 2 to the jacket 2 1 is preferably achieved. 
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as shown in Fig. 5, by structure at or near the 
forward wall 57 of the syringe case 50. m 
accordance with the embodiment of Fig. 15, such 
structure may include external threads 2 00 on the 
forward end of the syringe body 257, which mate 
with internal threads 201 at the remote end of the 
jacket 31. with such an embodiment,- the syringe 3 2 
is preferably provided with an annular flange 2 03 
around the body 257 at the juncture of the body 257 
with the syringe front wail 258. The flange 203 
inhibits -he flow of leaked fluid ;rxo the space 
between the syringe body 257 and the jacket 21. 
With such an embodiment, the wall 258 is either 
thickened, provided with reinforcing such as the 
ribs 208, or provided with other structure to 
resist deformation of the wall 258 under the 
pressure of the fluid within the cavity 61. 

Alternatively, a reusable split clip 210 
may be employed to secure a continuous flange 203 
of such a syringe to a continuous flange 212 at the 
end of the pressure jacket in the embodiment of 
Figs. 16. as a further alternative as shown in 
Fl g- 17, a ring clip 2 10a having an outer rim 215 
and rotatabiy mounted to the syringe 2 1, encircles 
and engages outwardly projecting threads of a disk 
flange 212 formed at the front end of the jacket 
31. as the syringe 2 2 is twisted onto the jacket 
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31, to engage the jacket in a manner similar to the 
threads 85 and 86 in the embodiment of Figs. 2-12 
above . 

The invention has been described in the 
context of its preferred embodiments. it will be 
appreciated by those skilled in the art that 
variations and alternatives to the embodiments 
described may be empioyed without departing from 
the principles of the present invention. 
Accordingly, this patent is nor intended to be 
limited except by the scope of the following 
claims : 



